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Figure 1A 



E coli already produces nucleotide sugar, CMP-SA 



V 



(express enzyme) 



(add reaction substrates) 




Insert plasmid containing 
3'-sialyltransferase or ST fusion 
protein genes 



3'-sialyllactose 



Figure IB 



E. coli 



already produces nucleotide, CTP 
^ (express enzyme) 




> 6'-sialyllactose 



Insert plasmid containing 
6' -sialy transferase and CMP- 
SA synthetase genes 
protein 



s 



Figure 2 



coli 



already produces nucleotide sugars, 
UDP-GlcNAc and UDP-Galactose 




(express enzymes) 



(add reaction substrates) 

Insert plasmid containing 
GlcNAc-transferase and 
Galactosyltransferase genes 



# 



Figure 3 



GlcNAc-1-kinase 
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Figure 4A 



E. coli 



doesn't produce sufficient amounts 
of nucleotide sugar or nucleotide 



(express enzymes) 




P 1 ,4-GalNAc-lactose 



(add reaction substrates) 



Insert two plasmids, one encoding 
al,4-GalNAc-transferase, UDP-GalNAc 
epimerase, UDP-GlcNAc pyrophosphorylase 
genes and the second encoding GlcNAc- 
1 -kinase, polyphosphate kinase and pyruvate 
kinase genes) 



Figure 4B 



E. coli 



doesn't produce sufficient amounts 
of nucleotide sugar or nucleotide 



(express enzymes) 



(add reaction substrates) 



Insert plasmid containing betal,4-GalNAc- 
transferase, UDP-GalNAc 
pyrophosphorylase, GlcNAc 1 -kinase, 
polyphosphate kinase and pyruvate 
kinase genes 



:> pl,4-GalNAc-lactose 



Figure 5A 



E. coli 




doesn't produce sufficient amounts 
of nucleotide sugar or nucleotide 



(express enzymes) 
(add reaction substrates) 



Corynebacterium 



Insert plasmid containing al 5 3-Gal- 
transferase, UDP-Gal 4'epimerase, 
UDP-Glc pyrophosphorylase, hexokinase 
phosphoglucomutase genes 



already produces UTP 



:> al,3-Gal-LacNAc 



Figure 5B 



E. coli 



doesn't produce sufficient amounts 
of nucleotide sugar or nucleotide 



CTP 



(express enzymes) 



(add reaction substrates) 



r> 3 ' -sialyllactose 



T Insert plasmid containing 3'-sialyl- 
CMP transferase and CMP-SA synthetase fusion 
, protein, GlcNAc epimerase, NeuAc aldolase 



3^ 



genes 



Insert plasmid containing CMP- 



Corynebacterium synthetase gene 




Figure 6 
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Figure 7 A 



tobacco 



doesn't produce sufficient amounts 
of PAPS cycle reagents 




(express enzymes) 
(add reaction substrates) 



^> heparin sulfate 



K5 polysaccharide isolated 
Insert the 3'-sulfotransferase, 6'- 
sulfotransferase, 2'-sulfotransferase, 
Iduronyl- epimerase, Iduronyl-N-sulfotransferase, 
and PAPS cycle enzyme genes into genome 



Figure 7B 



tobacco 



doesn't produce sufficient amounts 
of PAPS cycle reagents 



tobacco 



(express enzymes) 
(add reaction substrates) 



=£> heparin sulfate 



K5 polysaccharide 

Insert the 3'-sulfotransferase, 6'- 
sulfotransferase, 2'-sulfotransferase ? 
Iduronyl- epimerase, Iduronyl-N-sulfotransferase, 
and PAPS cycle enzyme genes into genome 




E. coli K5 



Figure 7C 



tobacco 




doesn't produce sufficient amounts 
of PAPS cycle reagents 

(express enzymes) 



(add reaction substrates) 



Insert the 3'-sulfotransferase, 6'- 
sulfotransferase, 2'-sulfotransferase, 
Iduronyl- epimerase, Iduronyl-N-sulfotransferase 
and PAPS cycle enzyme genes into genome 



yeast or 
bacteria 




produces UDP-GlcNAc 
and UDP-Glc 

(express enzymes) 



(add reaction substrates) 




heparin sulfate 



simultaneous 
production or 
sequential 
production 



heparin core 
polysaccharide 



Insert plasmid containing Pl,4-GlcNAc 
transferase, Pl,4-glucuronyltransferase and UDP- 
Glc dehydrogenase genes 



Figure 7D 



produces ATP for PAPS cycle 



yeast 



ni 



A. niger 



doesn't produce sufficient amounts 
of PAPS cycle reagents nor ATP 



(express enzymes) 
(add reaction substrates) 



Insert the 3'-sulfotransferase, 6'- 
sulfotransferase, 2'-sulfotransferase, 
Iduronyl- epimerase, Iduronyl-N-sulfotransferase, 
and PAPS cycle enzyme genes except ATP 
regeneration enzymes into genome 




yeast or 
bacteria 




produces UDP-GlcNAc 
and UDP-Glc 

(express enzymes) 



(add reaction substrates) 




J> heparin sulfate 



simultaneous 
production or 
sequential 
production 



heparin core 
polysaccharide 



Insert plasmid containing pl,4-GlcNAc 
transferase, pl,4-glucuronyltransferase and UDP- 
Glc dehydrogenase genes 



Figure 8 



already produces nucleotide sugars, 
UDP-GalNAc and UDP-Galactose 



(express enzymes) 



(add reaction substrates) 



Insert plasmid containing 
Pl,4-GalNAc-transferase and 
Galactosyltransferase 

already produces nucleotide, CTP 
(express enzyme) 





(add reaction substrates) 



Corynebacterium 



:> GM 2 



lyso-lactosylceramide 
or lactosylceramide 



reaction mixture 



Insert plasmid containing 
oc2 5 3-sialyltransferase, CMPSA-synthetas, 
GlcNAc epimerase, 
NeuAc Aldolase, CMP-synthetase 



Figure 9 



already produces nucleotide sugars, 
UDP-GalNAc and UDP-Galactose 



(express en2ymes) 



(add reaction substrates) 



coli 



Insert plasmid containing 
Pl,4-GalNAc-transferase and 
P 1 ,4-Galactosyltransferase 

already produces nucleotide, CMP-SA 
(express enzyme) 




4> 



(add reaction substrates) 



Insert plasmid containing 
a2,3 -sialy ltransferase, 
a2 ? 8 sialyltransferase 



GD, 



lyso-lactosylceramide 
or lactosylceramide 




Figure 10 



E. coli 



already produces nucleotide sugars, 
UDP-GlcNAc and UDP-Galactose 



(express enzymes) 



(add reaction substrates) 



Insert plasmid containing 
Pl ? 3-GlcNAc-transferase and 
P 1 ,4-Galactosy Itransferase 

already produces nucleotide, CMP-SA 
(express enzyme) 



E. coli 




(add reaction substrates) 

Insert plasmid containing 
ot2 ? 3-sialyltransferase 




# * * 



Figure 11 A 



E. coli or 
yeast 




already produces UDP-Galactose 
(express enzymes) 



GlcNAc-R 



(add reaction substrates) 



Insert plasmid containing 
otl 5 3-galactosyltransferase and 
Pl,4-galactosyltransferase genes 



v 

Gala 1 ,3GaiP 1 ,4GlcNAc-R 



Figure 11B 



Corynebacterium 



Glucose- 1 -phosphate 
and GlcNAc-R 



produces sufficient UTP 
(express enzyme) 




(add reaction substrates) 



Insert plasmid containing 
a 1 ,3 -galactosy ltransferase, 
P 1 ,4-galactosyltransferase, 
UDP-Gal 4'-epimerase, UDP-Glc 
pyrophosphorylase genes 



v 



Gala 1 ,3GaiP 1 ,4GlcNAc-R 



